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The present work concentrates for the impact of thermal radiation on peristaltic transport of viscous fluid
in a rotating channel. Both fluid and channel are in a state of rigid body rotation. The influences of ther-
mophoresis and chemical reaction are taken into account. Convective conditions for heat and mass trans-
fer in the formulation are adopted. In addition, the non-uniform heat source/sink effect is included in heat
transfer analysis. Exact solutions for stream function and temperature are obtained. Numerical solution
for concentration of the developed mathematical model are obtained by considering low Reynolds num-
ber and long wavelength. The effects of emerging physical parameters are analyzed through graphical
illustrations. It is found that the influence of thermophoretic and thermal radiation parameters on the
temperature and concentration are quite opposite. Further heat transfer coefficient decays when rotation
is increased.
 2016 The Authors. Published by Elsevier B.V. This is anopenaccess article under the CCBY license (http://
creativecommons.org/licenses/by/4.0/).1. Introduction
Peristalsis holds significant importance in chemical, natural,
bioengineering and biomedical processes. Peristalsis is a transport-
ing technique of many physiological fluids. This type of transport
appears in biological systems such as gastrointestinal tract, female
fallopian tube, cervical canal and lymphatic vessels. Peristaltic flow
also occurs in practical applications involving biomechanical sys-
tems e.g. finger and roller pumps. Sanitary fluid transport, trans-
port of corrosive fluid and blood pumps in heart lung machine
are the industrial applications operating through peristaltic mech-
anism. Further bleeding reduction during surgeries, radar systems,
targeted drugs transport, design of heat exchangers, development
for cell separation, power generators, magnetic devices, magnetic
tracers development, flow meters, hyperthermia etc are based on
such principle. Few interesting developments on the topic can be
seen in literature [1–12].
The effect of thermal radiation has a vital role in cooling of
nuclear reactor, nuclear plants, high temperature plasmas, gas tur-
bines, power generation systems, biological tissues and MHD
accelerators. Laser surgery and cryosurgery are via applications
of radiation are used in destruction of cancerous tissues. In addi-tion heat generation/absorption effect is quite useful in thermal
performance of working fluids. It appears in the manufacture of
plastic and rubber sheets, disposal of radioactive waste material,
food stuff storage and dislocating of fluids in packed bed reactors.
Scarce information [13–18] exists yet for peristalsis of fluids in a
channel with these and MHD effects. Further the involvement of
thermophoresis in mass transfer is encountered frequently in
many fields, for instance engineering, aerosol technology and
industrial applications such as erosion of stone statue, corrosion
of steel structures, removal of particles from gas stream and
radioactive particle decomposition in nuclear reactors.
As mentioned above all investigations on peristaltic mechanism
have been made in channels with non-rotating frame. However lit-
erature on the influence of peristaltic transport of viscous fluid in
rotating channels or tubes is very little [19–22]. Thus explicit sig-
nificance of present attempt is as follows: First to venture further
in regime of peristaltic flow through rotating frame. Secondly to
formulate the heat and mass processes by convective conditions.
Thirdly to explore the heat transfer with thermal radiation and
heat generation/absorption. Fourth to investigate the outcome of
chemical reaction and thermophoresis effects. Thus the modeled
problems for velocity and temperature are solved analytically
whereas numerical technique is adopted for concentration. Influ-
ences of emerging sundry parameters on the physical quantities
of concern are studied.
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Consider an incompressible viscous fluid in a channel with
width 2d. Both the channel and fluid rotates with a uniform angu-
lar velocity X about the z-axis. Mathematical expression for wave
propagation along the channel walls at z^ ¼ h^ is given by
h^ðx^; t^Þ ¼ dþ a sin 2p
k
ðx^ ct^Þ; ð1Þ
where a; k; c and t^, represent the amplitude, wavelength, constant
speed and time of the wave respectively.
In a rotating frame the governing equations are given by
@u^
@x^
þ @w^
@z^
¼ 0; ð2Þ
q
du^
dt^
 2qXv^ ¼  @p^
@x^
þ l @
2
@x^2
þ @
2
@y^2
þ @
2
@z^2
" #
u^; ð3Þ
q
dv^
dt^
þ 2qXu^ ¼  @p^
@y^
þ l @
2
@x^2
þ @
2
@y^2
þ @
2
@z^2
" #
v^ ; ð4Þ
q
dw^
dt^
¼  @p^
@z^
þ l @
2
@x^2
þ @
2
@y^2
þ @
2
@z^2
" #
w^; ð5Þ
qcp
dT
dt^
¼ k @
2
@x^2
þ @
2
@y^2
þ @
2
@z^2
" #
T þ l @u^
@z^
þ @w^
@x^
 2" #
 @ðqrÞz^
@z^
þ Q0ðT  T0Þ;
ð6Þ
dC
dt^
¼ D @
2
@x^2
þ @
2
@y^2
þ @
2
@z^2
" #
C  @ðVTðC  C0ÞÞ
@z^
 k1ðC  C0Þ; ð7Þ
where q; l; cp; k; X; Q0; p^ ¼ ~p 12qX2ðx2 þ y2Þ, and ddt^ represent
the fluid density, viscosity, specific heat, thermal conductivity, angu-
lar velocity, non-uniform heat source/sink parameter and material
time derivative respectively. Further C; C0; T; T0 and D denote the
fluid concentration, concentration at the walls, fluid temperature,
temperature at walls, modified pressure and mass diffusivity coeffi-
cient respectively. Using Rosseland heat flux approximationwe have
qr ¼ 
4r
3k
@
@z^
T4; ð8Þ
where k and r represent the Rosseland mean absorption coeffi-
cient and Stefan–Boltzmann respectively. Expanding T4 about T0
and ignoring higher order terms of ðT  T0Þ by considering that tem-
perature differences within the flow are sufficiently small. Then
VT ¼  k
m
Tr
@T
@z^
; ð9Þ
where m; k and Tr denote the kinematic viscosity, thermophoretic
coefficient and reference temperature respectively.
The conditions for present problem are
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¼ 0; k @C
@z^
¼ 0 at z^ ¼ 0; ð10Þ
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in which h1 and h2 indicate the heat and mass transfer coefficients
respectively.Putting Eqs. (8) and (9) in Eqs. (6) and (7) and then using the
wave frame transformations
x ¼ x^ ct^; y ¼ y^; z ¼ z^;
uðx; y; zÞ ¼ u^ðx^; y^; z^Þ; v^ðx^; y^; z^Þ ¼ v^ðx^; y^; z^Þ; w^ðx^; y^; z^Þ ¼ w^ðx^; y^; z^Þ;
ð12Þ
Eqs. (2)–(7) become
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Using dimensionless variables
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and applying lubrication approach, the Eqs. (14)–(18) give
px  wzzz  2T 0v ¼ 0; ð21Þ
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and the conditions in non-dimensional form are
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Fig. 1. Variation in axial velocity u for Taylor number T 0 when
 ¼ 0:7; x ¼ 0:1; g ¼ 0:5.
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respectively present the Taylor number, the Brinkman number, the
Prandtl number, the radiation parameter, the non-uniform heat
source/sink parameter, the thermophoretic parameter, chemical
reaction parameter, the amplitude ratio parameter and heat Biot
and mass Biot numbers.
From Eq. (17) p– pðzÞ, thus Eq. (15) becomes
wzzzz þ 2T 0vz ¼ 0; ð29Þ
and due to rotational effect, we neglect pressure term caused by
secondary flow. Therefore Eq. (16) becomes
vzz  2T 0ðwz þ 1Þ ¼ 0: ð30ÞÞ
Fig. 3. Variation in temperature h for Taylor number T 0 when
 ¼ 0:7; x ¼ 0:1; g ¼ 0:7; Pr ¼ 0:5; Bi1 ¼ 5; Br ¼ 2; Rn ¼ 0:3; S ¼ 0:5.
Fig. 2. Variation in secondary velocity u for Taylor number T 0 when
 ¼ 0:7; x ¼ 0:5; g ¼ 0:5.3. Method of solution
The closed form solution of Eqs. (29), (30) and (24) using
boundary conditions Eqs. (26) and (27) are
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where Aj ðj ¼ 1 4Þ, Bk ðk ¼ 1 5Þ, Cl;m ðl;m ¼ 1 32Þ,
Dn;p ðn ¼ 1 32Þ, Eq ðq ¼ 1 32Þ and Gr ðr ¼ 1 32Þ have been
computed algebraically. Eq. (25) is solved numerically using
NDSolve built in MATHEMATICA.
4. Discussion
The effect of Taylor number T 0 on axial velocity is sketched in
Fig. 1. It is noticed from Fig. that velocity is decreasing function
of T 0 in the upper half of the channel whereas it shows an increas-
ing behavior in lower half of channel. It is due to the fact that the
secondary flow is induced by rotation which causes decrease in
velocity. Fig. 2 depicts that for increasing Taylor number T 0 the sec-
ondary velocity increases. In fact secondary velocity is enhanced
due to an increase in rotation.Figs. 3–7 are plotted to observe the effect of temperature distri-
bution h for several parameters. Temperature rapidly decays as we
increase rotation parameter T 0 (see Fig. 3). The reason behind this
fact is that as we increase T 0 the motion of the fluid particles
increases which causes decrease in h. Effect of increasing non-
Fig. 6. Variation in temperature h for Brinkman number Br when
 ¼ 0:7; x ¼ 0:1; g ¼ 0:7;Pr ¼ 0:5; Bi1 ¼ 5; Rn ¼ 0:3; S ¼ 0:5; T 0 ¼ 0:2.
Fig. 5. Variation in temperature h for radiation parameter Rn when  ¼ 0:7,
x ¼ 0:1; g ¼ 0:7; Pr ¼ 0:5; Bi1 ¼ 5; Br ¼ 2; S ¼ 0:5; T 0 ¼ 0:2.
Fig. 4. Variation in temperature h for non-uniform source/sink parameter S when
 ¼ 0:7; x ¼ 0:1; g ¼ 0:7; Pr ¼ 0:5; Bi1 ¼ 5; Br ¼ 2; Rn ¼ 0:3; T 0 ¼ 0:2.
Fig. 7. Variation in temperature h for heat Biot number Bi1 when
 ¼ 0:7; x ¼ 0:1; g ¼ 0:7; Pr ¼ 0:5; Br ¼ 0:2; Rn ¼ 0:3; S ¼ 0:5; T 0 ¼ 0:2.
Fig. 8. Variation in heat transfer coefficient Z for Taylor number T 0 when
 ¼ 0:3; g ¼ 0:1; Pr ¼ 1:5; Bi1 ¼ 5; Br ¼ 2; S ¼ 1:4; Rn ¼ 0:3.
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notice temperature distribution rises for larger S. The distribution
of temperature is portrayed for different values of Rn in Fig. 5. It
is noticed that for larger values of radiation parameter Rn the tem-
perature decreases. It is in fact due to the loss of heat. Effect ofBrinkman number Br is shown in Fig. 6. Here temperature
enhances for increasing Brinkman number Br. The involvement of
viscous dissipation effect in Br produced minimum heat conduc-
tion which results rise in h. In Fig. 7 the temperature reduces when
heat transfer Biot number Bi1 increases. The obtained result indi-
cates that the thermal conductivity of the fluid reduces with an
increase in Bi1 and so decay in h is noticed.
The impacts of T 0; S; Rn Br and Bi1 on heat transfer rate Z at
channel walls are portrayed in Figs. 8–12. Fig. 8 predicts that Z
increases for larger values of Taylor number T 0 when rotation
increases. Opposite behavior for heat generation/absorption S is
shown in Fig. 9. This indicates that Z is higher for S  0. In
Fig. 10 the magnitude of heat transfer coefficient Z near centerline
enhances for radiation parameter whereas it decreases near the
channel boundaries. In Fig. 11 due to stronger viscous dissipation
effect the rate of heat transfer coefficient Z rises for larger Brink-
man number Br. The influence of heat transfer Biot number Bi1
on heat transfer rate Z is illustrated in Fig. 2. Decrease in Z is seen
for larger values of Bi1.
Effect of different emerging parameters on dimensionless con-
centration / are demonstrated through Figs. 13–17. As tempera-
ture and concentration has inverse relation so concentration
shows opposite behavior for sundry parameters. In Fig. 13 we
observed that concentration / increases by increasing Taylor num-
ber T 0. An enhancement of / is shown in Fig. 14 for increasing val-
Fig. 13. Variation in concentration / for Taylor number T 0 when
¼ 0:3; x¼ 0:2; g¼ 0:7; Bi1 ¼ 10; Bi2 ¼ 10; Pr¼ 0:7; Br¼ 2; Rn ¼ 1; S¼ 0:8; s¼ 0:7;
Sc¼ 0:2; c¼ 0:3.
Fig. 9. Variation in heat transfer coefficient Z for non-uniform source/sink
parameter S when  ¼ 0:3; g ¼ 0:1; Pr ¼ 1:5; Bi1 ¼ 5; Br ¼ 2; Rn ¼ 0:3; T 0 ¼ 0:2.
Fig. 10. Variation in heat transfer coefficient Z for radiation parameter Rn when
 ¼ 0:3; g ¼ 0:1; Pr ¼ 1:5; Bi1 ¼ 5; Br ¼ 2; T 0 ¼ 0:2; S ¼ 0:5.
Fig. 11. Variation in heat transfer coefficient Z for Brinkman number Br when
 ¼ 0:3; g ¼ 0:1; Pr ¼ 1:5; Bi1 ¼ 5; Rn ¼ 0:3; T 0 ¼ 0:2; S ¼ 0:5.
Fig. 12. Variation in heat transfer coefficient Z for heat transfer Biot number Bi1
when  ¼ 0:3;g ¼ 0:1; Pr ¼ 1:5;Br ¼ 2;Rn ¼ 0:3; T 0 ¼ 0:2; S ¼ 0:5.
Fig. 14. Variation in concentration / for non-uniform source/sink parame-
ter S when ¼0:3; ; x¼0:2; g¼0:7; Bi1¼10; Bi2¼10; Pr¼0:7; Br¼2; Rn¼1; s¼0:7;
Sc¼0:2; c¼0:3; T 0 ¼0:2.
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concentration field / is obtained in Fig. 15 for increasing values
of chemical reaction parameter c. Since chemical reaction
increases the rate of interfacial mass transfer and thus reducesthe local concentration which in turn increases concentration flux
when we have constructive chemical reaction. Here Fig. 16 is
plotted to analyze the behavior of thermophoretic parameter s
Fig. 15. Variation in concentration / for chemical reaction parameter c when
¼ 0:3; x¼ 0:2; g¼ 1:5; Bi1 ¼ 10; Bi2 ¼ 10; Pr¼ 0:7; Br¼ 2; Rn ¼ 1; s¼ 0:7; Sc¼ 0:2;
S¼ 0:5; T 0 ¼ 0:2.
Fig. 16. Variation in concentration / for thermophoretic parameter s when
 ¼ 0:3; x ¼ 0:2; g ¼ 0:7; Bi1 ¼ 10; Bi2 ¼ 10, Pr ¼ 0:7; Br ¼ 2; Rn ¼ 0:8; c ¼ 0:3;
Sc ¼ 0:2; S ¼ 0:5; T 0 ¼ 2.
Fig. 17. Variation in concentration / for mass transfer Biot number Bi2 when
 ¼ 0:3; x ¼ 0:2; g ¼ 0:7; Bi1 ¼ 10; s ¼ 0:1, Pr ¼ 0:7; Br ¼ 2; Rn ¼ 0:8; c ¼ 0:3;
Sc ¼ 0:2; S ¼ 0:5; T 0 ¼ 2.
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thermophoresis parameter increases the concentration for a small
range. In fact larger temperature gradient increases swhich causesan enhancement in concentration profile. Variation in concentra-
tion / for mass transfer Biot number Bi2 is portrayed in Fig. 17.
Concentration of fluid increases when we take larger values of Bi2.5. Conclusions
Influences of thermal radiation and thermophoresis on peri-
staltic flow in a rotating frame are discussed. The major findings
of the present analysis are listed below.
 Dual behavior of Taylor number on the axial velocity is
observed.
 Secondary velocity is an increasing function of Taylor number.
 Similar behavior of temperature is noticed for rotation and radi-
ation parameters.
 Temperature is an increasing function of heat generation/
absorption and Brinkman number.
 Opposite behavior of temperature and concentration is noticed
for emerging parameters.
 Rate of heat transfer decreases for increasing T 0; Rn and Bi1 but
it enhances for S and Br.
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